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Abstract
The growing development of Electric vehicle industry due to more greener transportation needs, encouraging ITB as a research 
based educational institution to give their effort and participation in developing electric city car prototype, especially for 
Indonesia used. Two fundamental components in the electric car are the electric motor and its energy storage system. The motor 
used in this ITB-1electric car is brushless dc (BLDC) motor type. A controller will be used to convert the dc source into ac for 
BLDC motor power source. How far an electric car can reach their destination depends on how much energy that is stored in the 
batteries. This electrical energy storage will affect performance of the electric car. Therefore we have to protect the battery from 
anything that can make the battery’s life shorter. Voltage is one of the parameters that must be controlled by the battery 
management system, so that the battery can be protected effectively. In this paper, a10 kW BLDC motor and its energy storage 
i.e LiFePO4 battery types,  will be evaluated based on their performance result from the tests.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
Malaysia
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1. Introduction
Research and development of smart vehicle, such as an electric car, has been started since many years ago in 
developed countries and still continues now. Indonesia, through its Education and Culture Minsitry and Stated-Own 
Entreprise Ministry, aims to create its national electric vehicle that can be mass produced and slowly replaced the 
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conventional one. ITB has become one of the several education institutes involved in the design and constructions of 
this vehicle.
Recently, brushless DC (BLDC) motor has become so popular in the industries and is used many times and places 
for electric vehicle applications. The motor itself will be the main mover device for the electric car. It means that the 
motor performance should show how good the car performance in terms of its speed and ability as a propulsion 
machine. Battery is another important part in the electric car, in this case itb-1 electric car prototype. The battery 
used in this car is ionic lithium LIFePO4 types. Before it is used in the car, the battery must has been tested first to 
check if it match the specification specified by the manufacturer.This paper will discuss about a study of the
performance of BLDC motor and the battery used in ITB electric car prototype.
2. Electric Vehicle Design
A schematic of an electric car is shown in Fig 1. Main components of  an electric are motors as rotating machines,
a drive system consists of an inverter and controllers used to convert dc power into ac power and also for adjust the 
speed and brake, and a battery system as a source of the power.
Fig.1.Typical Electric Car Schematic
2.1 Electric Car Design
The car is designed for inside city use, hence the range of the car is sufficient for short distance. The car body 
consist of several main components as shown in fig.2 
Fig.2. Car’s Components
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The car is designed in single platform but for multi-purpose use as shown in fig.3 It has many body design types 
which is useful in different application.
Fig.3. Different Types of The Car
Here is the specification of the car (see Fig. 4) summarized  in Table.1
        Table.1 Car Specification
Information Unit Value
Vehicle weight 900 kg
Passengers weight 280 kg
Wheel diameter 56 cm
Wheel set 4 
Rim diameter 48 cm
Height 174 cm
Length 342 cm
Width 152 cm
Drive System Direct
Fig.4. Mobil Listrik ITB-1
2.2 Propulsion Motor Used
In this prototype car, BLDC motors are used as the propulsion device. Thistype of motor is also known as 
electrically commutated motor. It is actually categorized as a synchronous motor supplied from a DC source through 
an inverter so that the motor will be seen as it is supplied by an AC power source. The inverter output controlled by 
sensors and electronic controller. BLDC motor has a rotating permanent magnet and static armature just as the 
synchronous machine. This construction solved the current connection into moving armature. As its name, BLDC 
motor does not use brush for commutation, instead it use electronic scheme with particular mechanism. 
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Compared to other type of motors, BLDC motor has many advantages. It can operate in high speed with more 
than 10000 rpm whether it is loaded or not. It also has high acceleration and fast response. The inner rotor type of 
the motor has a low inertia, hence can accelerate, deccelerate, and change direction fast. It also has high efficiency, 
between 85% - 90%. Additionally, it produces the highest torque and has high reliability.
One fundamental thing that differs BLDC motor with common DC motor is the absence of brush in commutating 
process. Commutation is a process in which the phase current directed according to their sequence in order to get the 
output wave we wanted. Unlike in DC motor, the commutation process in BLDC motor is controlled electronically. 
The stator of the motor must be energized in certain sequences to make it rotate. This is important since the position 
of rotor depends on the sequence applied. A common sensor used to detect rotor position the Hall Effect sensor. 
Generally, there are three hall sensors in a BLDC motor.Each of themconnects directly with the control of input 
current in stator winding. These sensors are embedded at the end of the stator winding. Every time the rotating 
magnetic field passes the hall sensor it will give feedback signal in the form of high or low logic that shows if it 
North or South pole. The combination of these three sensors will provide the desired sequence to rotate the rotor. [1]
A drivesystem of BLDC motor is a scheme utilizingswitching circuits and also control circuits to control the 
motor. This controller needs rotor positions as feedback because it will provide the direction of the motor. Another 
controller used in this caris Electronic Speed Controller (ESC). It is a device that controls the speed of the motor 
using power electronics components. It is well known as variable speed drive. This ESC varies in many ways 
depending on its applications. In this study, BLDC motor ESC is used. 
2.3 Ionic Lithium LiFePO4Battery
The battery used in the car is the lithium-ionic type (See Fig.5). This battery has very good voltage and current 
characteristic. It has higher energy density compared to other types of batteries.Furthermore, it also has a high 
charging response, doesn’t have memory effect, and can be charged either it is empty or not.
Fig.5. Structure of LiFePO4 [3]
Ionic Lithium LiFePO4 battery uses LiFePO4 as its positive electrode. LiFePO4has potential voltage 3.3 V and 
could be seried or paralled in order to obtain the power capacity and dicsharge current needed. This battery uses 
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LiFePO4as its positive electrode. LiFePO4has a voltage difference of 3.3V and it can be connected in series and 
parallel in order to obtain the power and discharge current required [2].
State of charge (SOC) of a cell or battery in a particular time is the availiability of the energy at that time 
compared with the maximum capacity when the battery is full charged. SOC is expressed in percentage. The 
function of SOC also known in terms of fuel gauge, especially in electric vehicle. This is because SOC representats
the level of energy availiability of the battery. Each of the cell has its own SOC, and so with the battery [4].
Depth of Discharge (DOD) of a cell or a battery is value of energy used from the battery. DOD is expressed in 
ampere-hour (Ah) or percentage. It is  very helpful if DOD is expressed in Ah, therefore the combination of SOC 
(in %) and DOD (in Ah) gives more information compared to the condition where these two is expressed in 
percentage.
3. Battery Charging-Discharging Test
In this test, the battery(see Fig.6) will be charged and discharged with constant current. This test is performed in 
order to obtain chargingand discharging curve from lithium-ion LiFePO4.Battery management system on the battery 
will work when battery reaches state of charge 100% and depth of discharge80% to keep the battery from 
overcharging and over-discharging. When battery management system works, we will obtain the upper and lower 
voltage limit of the battery LiFePO4.
Fig.6. LiFePO4Battery of Mobil Listrik ITB-1
3.1 Charging Test Results
Initial voltage of the battery is 69.3 V. From charging characteristics curve above, it can be observed that upper 
voltage limit of the battery is 85 V. Charging system used is constant current/constant voltage. Battery is charged 
with constant current of 16 A. When the terminals reach its upper voltage limit, system will change into constant 
voltage and current will slowly reduce from 16 A to its lower limit. This happens to prevent the battery from 
overcharged state and it makes sure that the battery is full charged. Upper voltage obtained from laboratorium 
testing is equal to upper voltage limit from factory datasheet. See Fig.7 for curve of the charging process.
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Fig.7. Charging Curve
3.2 Discharging Test Results
Fig.8. Discharging Curve
Initial battery voltage when it is about to be discharged is 82 V. The time needed to discharge the battery to its 
lower voltage limit is 425 minutes. From discharging characteristics curve it can be observed that the battery voltage 
is 56.9 V. Battery is discharged with constant current of 15 A. If compared with factory datasheet, lower voltage 
limit that is obtained from laboratorium testing has the same value, which is 55.6±1 V with 56.9 V. Fig.8 shows the 
discharging process.
From chargingand discharging characteristics curve, with upper and lower voltage of lithium-ion LiFePO4battery 
obtainedthe energy capacity that is used by Mobil Listrik ITB-1also can be calculated, which is 8205 Wh. Battery 
capacity used during discharging process is 106.3 Ah. Nominal battery capacity from the factory datasheet is 100 
Ah. The result obtained in laboratorium is different from battery capacity in the factory datasheet. This is because 
discharge current used is different which affects battery capacity. This shows that battery capacity when it left the 
factory is not changed, and the battery is still in good condition.
4. Car Prototype Performance Test
The test is conducted to check and evaluate the performance of the car in real road utilization. [5] In this test, a 
driver will ride on the car and drive it around a certain track to find out the performance of the electric car prototype, 
such as the distance, the energy consumed, the maximum speed, etc. For this test, the street around the university is 
chosen as the track because it covers a good distance with different elevation level. 
From the measurement and the calculation, it is found that the total energy consumed by the car is 206.61 Wh/km 
for uphill condition and 76.40 Wh/km for downhill condition. Based on these data, the energy consumption for 
varies slope can be plotted as shown in Fig.9
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The average energy consumption for normal road condition is 131.8 Wh/Km. So, the range of energy 
consumption for ITB electric car per km is 131.8 ~ 173.4 Wh. Furthermore, the torque against speed characteristic 
curve is seen in Fig 10.
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Fig.9. Curve of Energy Consumption(Wh/km) for varies slope
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Fig 10. Curve of Torque vs Speed Characteristic.
It can be seen that the curve has fitted the theory of BLDC motor that it has a large starting torque and slowly 
reduced as the speed move up. [6]
The battery discharge power along the testing time is shown in Fig.11
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Fig 11. Power Discharge along the test.
Next, the power efficiency of the system from the battery into the shaft or rotor is calculated. The average 
efficiency of the motor is 83.41 %. The curve is shown in Fig 12.
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Fig 12.Curve of Motor Efficiency
5. Conclusion
In this paper, it has been shown that BLDC motor is one of a good choice for electric vehicle application. It has 
been proved that BLDC motor has a high efficiency, high torque, and good speed range. The size of this motor is 
also small that it can reduce the space and weight of the car. 
LiFePO4 battery has a capacity of 106.3 Ah on discharge current of 15 A continously for 425 minutes and it has the 
amount of energy of 8205 Wh. Laboratorium results show that battery capacity is 106.3 Ah while factory datasheet 
shows 100 Ah. This difference is caused by use of different discharge current that affect the battery capacity. This 
shows that the battery capacity is not changed when it leaves the factory, and the battery is still ina very good 
condition.
The laboratory and circuit track has shown that the maximum rotational speed of the motor is 4595 rpm, below 
the specification provided from the manufacturer. This makes the maximum speed that the car can achieve is at 
62.61 km/h.These tests proved that the maximum power that the motor can produce is 11044 W. Not only that, 
energy consumption of the car is 131.8 -173.4 Wh/Km. It also provedthat the efficiency of the motor from the 
battery to the rotor 83.41 %. This is good since it is still in the range capacity of the BLDC motor. Additionally, with 
the capacity of the battery, the car can travel as far as 46.14~62.1 Km before the battery runs out.
High efficiency region
1082   Agus Purwadi et al. /  Procedia Technology  11 ( 2013 )  1074 – 1082 
The performance of the prototype car is sufficiently good because it fits the current standard range of electric car 
for energy consumption.
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